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DETAILED ACTION 

Priority 

1 . Receipt is acknowledged of papers submitted under 35 U.S.C. 1 19(a)-(d), which 
papers have been placed of record in the file. 

Information Disclosure Statement 
The information disclosure statements (IDS) submitted on 8/23/04, 9/08/04, 
5/06/05, 12/29/05 and 3/21/06 were considered by the examiner. 

Drawings 

2. The drawings are objected to as failing to comply with 37 CFR 1 .84(p)(5) 
because they do not include the following reference sign(s) mentioned in the 
description: in paragraph 21, the fuel cell stack in Figure 1 is referred to as 102. In 
Figure 1, the fuel cell stack is referred to or labeled as 101. Appropriate correction is 
required. 

3. Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in 
reply to the Office action to avoid abandonment of the application. Any amended 
replacement drawing sheet should include all of the figures appearing on the immediate 
prior version of the sheet, even if only one figure is being amended. Each drawing sheet 
submitted after the filing date of an application must be labeled in the top margin as 
either "Replacement Sheet" or "New Sheet" pursuant to 37 CFR 1.121(d). If the 
changes are not accepted by the examiner, the applicant will be notified and informed of 
any required corrective action in the next Office action. The objection to the drawings 
will not be held in abeyance. 
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Specification 

4. The disclosure is objected to because of the following informalities: In paragraph 
21 , the fuel cell stack in Figure 1 is referred to as 102. In Figure 1 , the fuel cell stack is 
referred to or labeled as 101. Appropriate correction is required. 

Claim Rejections - 35 USC §112 

5. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

6. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

7. Claims 2, 5, 8, 13, 14 rejected under 35 U.S.C. 112, first paragraph, as failing to 
comply with the enablement requirement. The claim(s) contains subject matter which 
was not described in the specification in such a way as to enable one skilled in the art to 
which it pertains, or with which it is most nearly connected, to make and/or use the 
invention. The applicant has not provide any guidance as to how the sensor detects the 
fuel concentration using characteristic that volumes of the sensor change depending on 
the fuel concentration. What is the relationship between the sensor volume change and 
the fuel concentration? 

8. In MPEP 2164 and 2164.01 states "...when claimed subject matter is only 
presented in the claims and not in the specification portion of the application, the 
specification should be objected to for lacking the requisite support for the claimed 
subject matter... it has been interpreted to require that the claimed invention be enabled 
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so that any person skilled in the art can make and use the invention without undue 
experimentation. In re Wands, 858 F.2d at 737, 8 USPQ2d at 1404 (Fed. Cir. 1988)." 

9. Factors to be considered in determining whether the claimed invention would 
require undue experimentation are given in MPEP 2164.01(a). In re Wands, 858 F. 2d 
731, 737; 8 USPQ 2d 1400, 1404 (Fed. Cir. 1988). Only the relevant factors will be 
addressed herein for determining undue experimentation of the presently claimed 
invention. The relevant factors are (A) Breadth of the claims; (B) The nature of the 
invention; (C) The state of the prior art; and (D) The amount of direction provided by the 
inventor. 

1 0. Factor (A) Breadth of the claims: 

No guidance is given in the specification for relating the volume change of the 
sensor to the concentration of fuel, which the sensor is in contact with. It is unclear how 
the volume change of the sensor substrate conveys the concentration of the fuel. The 
relationship between an electronic signal output and the change in volume of the sensor 
resulting from measuring the fuel concentration is not disclosed. 

1 1. Factor (B) The nature of the invention 

By what means can a volume change of the sensor film located on the substrate 
layer of the sensor correlate to the concentration of the fuel within an electrochemical 
device? The applicant has not provided enough information so that one having ordinary 
skill in the art might make and use the invention of a sensor that changes in volume to 
indicate the concentration of the fuel with which it is in contact. In paragraph 29 on 
page 8 of the specification the applicant states with respect to Figure 3, a sensor 
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comprising a pressure film on a substrate varies in volume depending on the 
concentration of the fuel. There is no disclosure of how to use the sensor for determing 
the concentration or change in concentration of a given fuel solution. 

12. Factor (C) The state of the prior art 

In the prior art it is known that passing an electrical current through a conductor 
and measuring the change in electrical resistance of the conductor is an accurate 
method of measuring a change in concentration of the conductor. Therefore, as the fuel 
concentration changes, the electrical resistance of the conductor in contact with the fuel 
changes. In an electrochemical device, a current sensor is used to measure the current 
in a short circuit across the sensor electrodes. The measured current across the sensor 
electrodes is then correlated to the concentration of the substance with which the 
sensor has contact. The current application is not aligned with the known method of 
determining the concentration of a substance. 

13. Factor (D) The amount of direction provided by the inventor 

The applicant's claim of a measuring a fuel concentration with a sensor that 
undergoes a volume change provides no insight as to how to make and use the claimed 
invention. The change in volume of a material or solution is not an indication of its 
concentration as shown in the prior art. The applicant does not provide the proper 
mechanism by which a volume change in a material relates to the concentration of the 
material. 

Having considered the evidence as a whole, the claims are properly rejected for 
scope of enablement as set for in MPEP section 2164.04 and 2164.05. 
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14. Claims 5 and 8 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. It is unclear what the applicant means by detecting 
the fuel concentration using characteristics that volumes of the sensor change 
depending on the fuel concentration. 

Claim Rejections - 35 USC § 102 

15. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

16. Claim 1 is rejected under 35 U.S.C. 102(b) as being anticipated by Surampudi et 
al. (US 6,303,244 B1). Surampudi et al. (herein after Surampudi '244) discloses a direct 
methanol feed fuel cell system. The system is composed of a fuel cell stack, a 
methanol fuel storage tank, a circulating tank or diluent storage unit, and a methanol 
concentration sensor that provides input to a controller to regulate the fuel cell system 
(col. 18 lines 5-19; See Figure 9). The fuel cell stack is comprised of an anode and 
cathode and generates electrical energy (col. 3 lines 25-32). 

Claim Rejections - 35 USC § 103 

17. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
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the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was mads to a person having ordinary skill In the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

18. Claim 2 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Surampudi '244 as applied to claim 1 above, and further in view of Beckmann et al. (US 
6,890,674 B2). Surampudi '244 discloses all the limitations of claim 1 from which claim 
2 depends. Surampudi '244 does not disclose that the sensor has a portion that varies 
in volume depending on the concentration of the fuel. Beckmann et al. (herein after 
Beckmann '674) teaches a method and apparatus for managing fluids in a fuel cell 
system. Beckmann teaches the use of various devices to control fuel concentration in a 
direct oxidation fuel cell system such as a direct methanol fuel cell (col. 1 lines 39-42; 
col. 2 line 63 to col. 3 line 4). One device for determining the concentration of the fuel is 
a sensor (col. 3 lines 50-62). The sensor is constructed of Nafion™. The Nafion™ 
expands or varies in volume when exposed to a methanol solution (col. 8 lines 8-16). 
The amount of expansion experienced by the Nafion™ is directly related to the 
concentration of methanol fuel. The amount Nafion™ expands is predictable and 
essentially linear over the relevant methanol concentrations (col. 8 lines 21-25). 

1 9. It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify the methanol concentration sensor of Surampudi '244 to 
include Nafion™ (a material that varies in volume depending on the concentration of the 
methanol solution to which it is exposed) such as taught by Beckmann '674 in order to 
accurately measure and control the methanol concentration provided to the fuel cell. 
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20. Claims 3 and 4 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Surampudi '244 as applied to claim 1 above, and further in view of Gottesfeld (US 
6,686,081 B2). Surampudi '244 discloses all the limitations of claim 1 from which claim 
3 depends. Surampudi '244 does not disclose that the fuel cell system is comprised of 
a fuel mixing unit where fresh fuel and a diluent (water) are mixed. Gottesfeld teaches a 
mixing chamber or unit that receives fresh fuel from the fuel tank and recycled water 
from the fuel cell stack (col. 6 lines 61-66; See Figure 2). It would have been obvious to 
one having ordinary skill in the art at the time the invention was made to modify the 
methanol fuel cell system of Surampudi '244 to include a mixing unit such as taught by 
Gottesfeld in order to thoroughly mix the fresh fuel and the diluent from the fuel cell 
before introducing the two process flows to the fuel cell in order to maximize the 
electrochemical reaction within the fuel cell. 

21 . With respect to claim 4, Surampudi '244 teaches that the methanol sensor should 
be located in the methanol fuel or very close to the methanol fuel (col. 18 lines 14-15). 

22. Claims 5, 6, 7, and 8 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Surampudi '244 in view of Gottesfeld (US 6,686,081 B2) as applied 
to claims 1 , 3, and 4 above, and further in view of Beckmann et al. (US 6,890,674 B2). 
Surampudi '244 in view of Gottesfeld discloses all the limitations of claims 1 , 3, and 4 on 
which claim 5 is dependent. Surampudi '244 in view of Gottesfeld does not disclose 
that the sensor detects fuel concentration using characteristics that the volume of the 
sensor changes depending on the fuel concentration. 
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23. Beckmann '674) teaches a method and apparatus for managing fluids in a fuel 
cell system. Beckmann teaches the use of various devices to control fuel concentration 
in a direct oxidation fuel cell system such as a direct methanol fuel cell (col. 1 lines 39- 
42; col. 2 line 63 to col. 3 line 4). One device for determining the concentration of the 
fuel is a sensor (col. 3 lines 50-62). The sensor is constructed of Nafion™. The 
Nafion™ expands or varies in volume when exposed to a methanol solution (col. 8 lines 
8-16). The amount of expansion experienced by the Nafion™ is directly related to the 
concentration of methanol fuel. As the Nafion™ conductor expands, the contact 
between the conductive particles of the Nafion™ conductor is diminished and thus 
resistance of the conductor increases (col. 8 lines 52-60). The change in resistance of 
the Nafion™ conductor is compared with known values associated with particular 
methanol concentrations (col. 8 lines 65-67). The amount Nafion™ expands is 
predictable and essentially linear over the relevant methanol concentrations (col. 8 lines 
21-25). 

24. It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify the fuel cell system of Surampudi '244 in view of 
Gottesfeld to include a methanol concentration sensor constructed using Nafion™ (a 
material that varies in volume depending on the concentration of the methanol solution 
to which it is exposed) such as taught by Beckmann '674 in order to accurately measure 
and control the methanol concentration provided to the fuel cell. 

25. With respect to Claims 6 and 7, Gottesfeld teaches in-line mixing of the diluent 
(water) exiting the diluent storage unit and the fresh fuel exiting the methanol fuel tank 
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(See Figure 3 of Gottesfeld). Surampudi '244 teaches that the methanol sensor should 
be located in the methanol fuel or very close to the methanol fuel (col. 18 lines 14-15). It 
would have been obvious to one having ordinary skill in the art at the time the invention 
was made to modify methanol fuel cell system of Surampudi '244 to mix the fresh fuel 
and diluent in-line as taught by Gottesfeld and to monitor the in-line mixture (by placing 
the sensor in the process line) to ensure the proper fuel concentration is introduced to 
the fuel cell while simplifying the overall fuel cell system. 

26. With respect to Claim 8, Beckmann teaches the use of a fuel concentration 
sensor (col. 3 lines 50-62). The sensor is constructed of Nafion™. The Nafion™ 
expands or varies in volume when exposed to a methanol solution (col. 8 lines 8-16). 
The amount of expansion experienced by the Nafion™ is directly related to the 
concentration of methanol fuel. The amount Nafion™ expands is predictable and 
essentially linear over the relevant methanol concentrations (col. 8 lines 21-25). It 
would have been obvious to one having ordinary skill in the art at the time the invention 
was made to modify the fuel cell system of Surampudi '244 in view of Gottesfeld to 
include a methanol concentration sensor constructed using Nafion™ (a material that 
varies in volume depending on the concentration of the methanol solution to which it is 
exposed) such as taught by Beckmann '674 in order to accurately measure and control 
the methanol concentration provided to the fuel cell. 

27. Claims 9, 10, 11, 12, 13, 14, 15, and 16 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Surampudi et al. (US 6,303,244 B1) as applied to claim 1 
above and in view of Narayanan et al. (US 6,306,285 B1), Beckmann et al. (US 
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6,890,674 B2), and Homma et al. (US 5,033,293). Surampudi et al. (herein after 
Surampudi '244) discloses a direct methanol feed fuel cell system comprised of a 
methanol concentration sensor. Surampudi '244 does not disclose that the methanol 
concentration sensor is comprised of a substrate and a sensor film attached to the 
substrate and that the sensor changes volume depending on the concentration of the 
methanol. Also, Surampudi '244 does not disclose that the sensor is manufactured 
using a polymeric ion exchange resin such a perfluorinated sulfonic acid polymer having 
an internal and external electrode. 

28. Narayanan et al. (herein after Narayanan '285) teaches techniques for sensing 
methanol concentration in aqueous environments. A methanol concentration sensor for 
use in a liquid direct-feed fuel cell is discussed. The sensor comprises a Nafion™ sensor 
film (a perfluorinated sulfonic acid polymer also known as a polymeric ion exchange 
resin) deposited on the surface of a porous electrode backing substrate such as porous 
carbon paper (col. 4 lines 29-41). The membrane electrode assembly formed by the 
sensor film and the porous electrode backing substrate is sandwiched between a 
cathode and anode current collector and placed in contact with the methanol fuel 
solution (col. 4 lines 48-50). 

29. Beckmann et al. (Beckmann '674) teaches method and apparatus for managing 
fluids in a fuel cell system, particularly devices to control fuel concentration in a direct 
oxidation fuel cell system such as a direct methanol fuel cell (col. 1 lines 39-42; col. 2 
line 63 to col. 3 line 4). One device for determining the concentration of the fuel is a 
sensor (col. 3 lines 50-62). The sensor is constructed of Nafion™. The Nafion™ 
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expands or varies in volume when exposed to a methanol solution (col. 8 lines 8-16). 
As the Nafion™ conductor expands, the contact between the conductive particles of the 
Nation™ conductor is diminished and thus resistance of the conductor increases (col. 8 
lines 52-60). The change in resistance of the Nafion™ conductor is compared with 
known values associated with particular methanol concentrations. 

30. It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify the methanol concentration sensor of Surampudi '244 to 
include a polymeric ion exchange resin such as a perfluorinated sulfonic acid polymer 
sensor film on a substrate such as taught by Narayanan '285 in order to detect the 
current change (resistance) in the fuel solution and therefore the concentration of the 
fuel solution. 

31 . With respect to claim 1 0 and Narayanan '285 teaches the connection of the 
methanol concentration sensor to a sensor response circuit. The membrane electrode 
assembly formed by the sensor film and the porous anode and cathode electrode 
backing substrate is sandwiched between a cathode and anode current collector (col. 4 
lines 48-50). Narayanan '285 does not explicitly teach that the membrane electrode 
assembly of the sensor is comprised of an external electrode and an internal electrode. 
Honma et al. (herein after Honma '293) teaches an alcohol concentration sensor having 
an internal and external electrode (See Figure 3; col. 3 lines 25-30). It would have been 
obvious to one having ordinary skill in the art at the time the invention was made to 
modify the methanol concentration sensor of Surampudi '244 in view of Narayanan 
'285, Beckmann '674, and Honma '293 to include an external electrode and an internal 
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electrode in the concentration sensor for contacting the electrode with the methanol for 
concentration detection. The courts have held that rearranging parts of an invention 
involves only routine skill in the art. In re Japikse, 86 USPQ 70. 

32. With respect to claims 13 and 14 Narayanan '285 teaches the connection of the 
methanol concentration sensor to a sensor response circuit to detect a 
concentration-dependent response from the sensor element. The flow of current 
through the sensor element causes the electrochemical reaction to take place. The 
current is measured by an ammeter (col. 3 lines 17-20). The change in volume of the 
Nafion™ in the concentration sensor corresponds to the amount of current flow (or 
resistance to current flow) as taught by Beckmann '674. It would have been obvious to 
one having ordinary skill in the art at the time the invention was made to modify the 
methanol concentration sensor of Surampudi '244 in view of Narayanan '285 and 
Beckmann '674 to include an electric circuit that outputs an electrical signal depending 
on the sensor volume change such as taught by Narayanan '285 and Beckmann '674 
in order to accurately relate the fuel concentration to a measurable electrical output of 
the cell. 

33. Claims 17, 18, and 19 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Narayanan et al. (US 6,306,285 B1) in view of Beckmann et al. (US 
6,890,674 B2) and Goto et al. (US 2001/0037000 A1). Narayanan et al. (herein after 
Narayanan '285) teaches techniques for sensing methanol concentration in aqueous 
environments. A methanol concentration sensor for use in a liquid direct-feed fuel cell is 
discussed. The sensor comprises a Nafion™ sensor film (a perfluorinated sulfonic acid 
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polymer also known as a polymeric ion exchange resin) deposited on the surface of a 
porous electrode backing substrate such as porous carbon paper (col. 4 lines 29-41). 
The membrane electrode assembly formed by the sensor film and the porous electrode 
backing substrate is sandwiched between a cathode and anode current collector and 
placed in contact with the methanol fuel solution (col. 4 lines 48-50). Narayanan '285 
does not explicitly teach that the Nafion™ changes in volume to indicated the 
concentration of the fluid with which it has contact. 

34. Beckmann et al. (Beckmann '674) teaches method and apparatus for managing 
fluids in a fuel cell system, particularly devices to control fuel concentration in a direct 
oxidation fuel cell system such as a direct methanol fuel cell (col. 1 lines 39-42; col. 2 
line 63 to col. 3 line 4). One device for determining the concentration of the fuel is a 
sensor (col. 3 lines 50-62). The sensor is constructed of Nafion™. The Nafion™ 
expands or varies in volume when exposed to a methanol solution (col. 8 lines 8-16). 
As the Nafion™ conductor expands, the contact between the conductive particles of the 
Nafion™ conductor is diminished and thus resistance of the conductor increases (col. 8 
lines 52-60). The change in resistance of the Nafion™ conductor is compared with 
known values associated with particular methanol concentrations. 

35. It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to include the methanol concentration sensor having a polymeric 
ion exchange resin such as a perfluorinated sulfonic acid polymer sensor film on a 
substrate such as taught by Narayanan '285 in order to detect the current change 
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(resistance) in the fuel solution as indicated by the change in volume of the sensor as 
taught by Beckmann '674. 

36. With respect to claim 19, Neither Narayanan '285 nor Beckmann '674 teach the 
use of polystyrene sulfonic acid, poly ether ether sulfone sulfonic aced, sulfonated 
polyolefin, or sulfonated polysulfone as the polymeric ion exchange membrane in the 
sensor. Goto et al. (herein after Goto '000) teaches the use of a sulfonated polyolefin 
such as polyarylene copolymer as conductive proton membranes in batteries, fuel cells, 
and sensors (Paragraph 146). The sulfonated polyarylene copolymer is not brittle and 
adheres well to substrates. The proton conductivity of the sulfonated polyarylene 
copolymer is stable over a wide ranger of temperatures. It would have been obvious to 
one having ordinary skill in the art at the time the invention was made to modify the 
methanol sensor of Narayanan '285 to include a polymeric ion exchange membrane or 
resin such as taught by Goto '000 because it adheres well to substrates and due to its 
ability to conduct protons over a wide temperature range. 

37. Claim 20 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Narayanan et al. (US 6,306,285 B1) in view of Beckmann et al. (US 6,890,674 B2). 
Narayanan et al. (herein after Narayanan '285) teaches techniques for sensing 
methanol concentration in aqueous environments. A methanol concentration sensor for 
use in a liquid direct-feed fuel cell is discussed. The sensor comprises a Nafion™ sensor 
film (a perfluorinated sulfonic acid polymer also known as a polymeric ion exchange 
resin) deposited on the surface of a porous electrode backing substrate such as porous 
carbon paper (col. 4 lines 29-41). The membrane electrode assembly formed by the 
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sensor film located between the porous electrode backing substrates is sandwiched 
between a cathode and anode current collector and placed in contact with the methanol 
fuel solution (col. 4 lines 48-50). 

38. Narayanan '285 does not explicitly teach that the membrane electrode assembly 
of the sensor is comprised of an external electrode and an internal electrode or that the 
sensor member that fills the space between the electrodes changes volume depending 
on fuel concentration. 

39. Beckmann et al. (Beckmann '674) teaches method and apparatus for managing 
fluids in a fuel cell system, particularly devices to control fuel concentration in a direct 
oxidation fuel cell system such as a direct methanol fuel cell (col. 1 lines 39-42; col. 2 
line 63 to col. 3 line 4). One device for determining the concentration of the fuel is a 
sensor (col. 3 lines 50-62). The sensor is constructed of Nation™. The Nation™ 
expands or varies in volume when exposed to a methanol solution (col. 8 lines 8-16). 
As the Nation™ conductor expands, the contact between the conductive particles of the 
Nation™ conductor is diminished and thus resistance of the conductor increases (col. 8 
lines 52-60). The change in resistance of the Nation™ conductor is compared with 
known values associated with particular methanol concentrations. 

40. It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify the methanol concentration sensor of Narayanan '285 in 
view of Beckmann '674 to include a fuel concentration-dependent volume changing 
member between the external electrode and an internal electrode in the concentration 
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sensor. The courts have held that rearranging parts of an invention involves only routine 
skill in the art. In re Japikse, 86 USPQ 70. 



Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Shermanda L. Williams whose telephone number is 
(571) 272-8915. The examiner can normally be reached on Mon.-Thurs. 7 AM - 4:30 
PM and alternating Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Patrick Ryan can be reached on (571) 272-1292. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



Conclusion 
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